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Method details {#se0155}
==============

The implementation of the method {#sec0005}
--------------------------------

Stochastic finite-fault methods are effective ground-motion time-series simulation methods. The rupture process of a large fault has a non-uniform slip, a non-uniform stress drop, a non-uniform rupture velocity, and a non-uniform source time function at different points in the fault. Its implement in the stochastic finite-fault method makes the simulated strong ground motion hold the specific physical meaning and reproduce the real ground motion. Thus the new method of non-uniform stochastic finite-fault method (abbreviated as NNSIM) causes two main modifications: 1) Replace the predetermined time function with different source time functions for each subfault to improve low-frequency results including the envelopes of accelerations and velocities. 2) Replace the uniform stress drop with a distribution of non-uniform stress drops to reduce the dependence of simulated results on a single stress drop. In order to simulate the ground motion some key parameters need to be obtained as follows:1)Time window functions

For one actual earthquake, the fault rupture process including low-frequency slip rate time function, seismic moment on the finite fault model can be inversed based on seismic records. The slip rate time functions with different time history shapes are normalized, then used as the time window functions substituting the Saragoni-Hart function for simulating the ground motion. The normalized slip rate time functions containing the low frequency characters of the source such as multiple rupture peaks make the shape of the simulated time series more similar to real ground motion.1)Stress drop/ Stress parameter

Stress drop/ Stress parameter $\Delta\sigma$ is a very important parameter affecting the frequency and the magnitude of the simulated ground motion \[[@bib0005]\]. Based on the fault rupture process, the non-uniform stress drop distribution can be calculated according to Ripperger and Mai \[[@bib0010]\]. Substituting uniform stress drop with the non-uniform stress drop distribution into the stochastic finite-fault method makes the simulated results agree to real records better.

Besides the above two main source parameters, the non-uniform slip rate time functions also provide various rupture delays and different seismic moment release in the finite fault. The various rupture delays reflect the change of the rupture velocities. The rupture delay can be obtained by the first-arrival picking technique. After the determination of all the source parameters, the ground motion can be calculated following the steps of the pre-existing stochastic finite-fault method \[[@bib0005]\].

Method validation {#sec0010}
=================

On April 20, 2013, an Ms 7.0 earthquake struck Lushan County in China at 8:02 am Beijing time. We obtain source parameters, including non-uniform stress drop distribution, non-uniform slip rate time function, non-uniform rupture velocity and non-uniform seismic moment, based on Zhang et al.'s inversion results using teleseismic data. Combining these source parameters with stochastic finite-fault methods, we simulate the ground motions of the Ms 7.0 Lushan Earthquake, which are compared with observed records and results simulated by stochastic finite-fault methods (Version of EXSIM12). [Fig. 1](#fig0005){ref-type="fig"}, [Fig. 2](#fig0010){ref-type="fig"} respectively shows the comparisons of the acceleration time histories and the pseudo-spectral acceleration (PSA), which show NNSIM can provide results more similar to observed records.Fig. 1Comparison of horizontal accelerations. The left column shows the calculated results using NNSIM, the middle column shows the observed records, and the right column indicates the simulation results from EXSIM12.Fig. 1Fig. 2Comparison of PSA due to the NNSIM results, EXSIM12 results, and observed records.Fig. 2
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